The structures of a-X-cyclopropyl and x-X-isopropyl radicals (X = H, O", OH, NH2, CH3, N 02, CHO, CN, F and CF3) are reported using MINDO-Forces MO method. In both radicals the planar structure is prefered over the pyramidal. All the substituents are stabilizing; the O ~ group is the most stabilizing substituent, while F group has little effect. O-, OH, F substituents are electron releasing groups on cyclopropyl ring, while N 02, CHO and CF3 are electron widthdrawing. For isopropanes and x-X-isopropyl radicals, O", OH, NH2 and F act as electron releasing, while NO, and CF3 act as electron withdrawing. The strain energies of the cyclopropyl radicals (43.8-23.7 kcal/mol) are compared with those of similarly substituted cyclopropanes. Dipole moments and spin densities are reported.
. Calculated heats of formation (AHf, in kcal/mol) for x-X-substituted cyclopropanes, cyclopropyl radicals (planar and pyramidal), isopropanes, and isopropyl radicals (planar and pyramidal). -39.1 -5.7 -4.4 -65.9 -49.0 -48.5 n h , 11.6 31.3 30.8 -15.6 -7.2 -4 .1 c h ; 6.9 36.3 40.3 -20.3 -0.1 2.6 n o , -0.7 24.7 32.4 -16.3 -5.3 5.6 c h ö -23.4 7.8 13.9 -44.5 -24.9 -14.8 c n 29.9 63.3 66.8 6.3 26.9 27.5 f -44.3 -0.9 -4.9 -82.5 -51.0 -51.0 c f 3 -178.9 -150.3 -149.3 -204.8 -187.7 -179.6 0932-0784 / 91 / 09 00-1 000 $ 01.30/0. -Please order a reprint rather than making your own copy. calculations. There is sample experimental evidence that, as the electronegativity differences be tween the substituent and a-C increase, the radical becomes pyramidal [26] . An increase in the electro negativity of the a-substituent either causes [27] [28] or parallels [29] [30] [31] an increase in bending at the radical center. This is in agreement with the present results for F substituent. Fluorine substituent does not act as 7t-donor, as originally assumed [32, 33] , but predomi nantly as cr-acceptor. The geometries [34] , reactivity [35] and destabilization [36] of fluoro-cyclopropanes can be explained on this basis. The calculated out-of plan angle 9 for a-X-substituted cyclopropyl radicals (Fig. 1 ) is in agreement with ab initio calculations [2] . The 9 values from EPR [37] measurements on cyclopropyl radical (0 = 22.5°) and a-methylcyclopropyl radical (0 = 22.9°) are smaller than our values because the latter take no account of electron derealization in the a-substituent and will therefore be underestimated. There are three other theoretical studies of cyclopropyl which also yield rather large 9 values [38] [39] [40] .
Comparison of the structure of the radicals with those for X-cyclopropanes shows that the generation of the radical by the abstraction of the hydrogen atom from cyclopropane results in a slight increase in the C j -C^C , angles within the cyclopropyl ring ( Fig. 1) , which is in agreement with ab initio calculations [2] .
In the pyramidal radicals the vicinal bonds are slightly longer, and distal bonds are slightly shorter except for the substituents O -, OH, and F. Similar effects are obtained for the planar structures except for F substituent. It was found experimentally [41] that the vicinal bonds were decreased and the distal bond increased for cyclopropylamine, which is in agreement with the present calculations (Figure 1 ).
Electron Densities
It can be seen from Table 2 , that the substituents F, O -, and OH on the cyclopropanes decrease the elec tron densities on CI and increase the electron densities on C2 and C3, i.e. act as electron releasing, while NH2, CH3, and CN act as a weakly electron releasing. For N 0 2, CHO and CF3 substituents, the electron densi ties increase on CI and decreases on C2 and C3, i.e. Tabic 2. Calculated electron densities of X-cyclopropanes and cyclopropyl radicals (planar and pyramidal). See Figure 1 for 
Stabilization by Substituents
The stabilizing effect of a substituent is assessed by using an isodesmic reaction [42] , A positive heat of formation (Table 3) indicates stabilization of the reactant by the substituent. The results show that all the substituents are stabilizing; O -substituent shows high stability, followed by NH2, N 0 2, and CF3, while F shows low stability.
Dipole Moments
For the parent molecule, all substituents are found to increase the dipole moment (Table 4) , especially NO, substituent. Same effect occurs on the cyclo propyl radicals and is found to be more pronounced for N 0 2, CHO and CF3 substituents.
Spin Densities
From Table 5 it can be seen that the unpaired elec tron density for the planar cyclopropyl radical lies mainly on CI and is almost zero on C2 and C3 and partially on HI, H2, H3, and H4. For the pyramidal cyclopropyl radical, the electron density decreases on CI, increases on C2 and C3, and decreases on Hl, H2, H3, and H4 compared with the planar cyclopropyl radical, and the spin density on H5 increases from 0.0 (planar) to 0.0169 (pyramidal). These results could be explained in terms of the interaction between Walsh orbital [43] and the unpaired electron orbital.
For the pyramidal cyclopropyl radical, the un paired electron orbital lies out of the three-membered ring by an angle of 44.6°; this may cause a weak interaction between this orbital and the Walsh orbital, as seen from the spin electron density values in Table 5 .
In the planar cyclopropyl radical the unpaired elec tron orbital tends to be perpendicular to the threemembered ring, which means that there is almost no interaction between this orbital and the Walsh orbital. This is supported by the obtained low spin electron density values on C2 and C3 in Table 5 .
It was noticed from Table 5 that a substituent which has a lone pair electron such as NH2 and OH. and high electronegativity, such as F, cause an increase in the electron densities on C2 and C3 for planar and pyramidal cyclopropyl radicals. Experimental evidence suggests that the methyl, ethyl and isopropyl radicals are planar [15, 18, 19, 44] , At the UHF STO-3G level [2] , the methyl radical is pyramidal with an out-of-plane angle of 15°, and sub stitution, particularly by substituents with lone pairs, increases 0 [13-15, 44, 45] , At the RHF 3-21G/3-21G level [2], the isopropyl radical has 0 = 23.1°; this com pares with UHF STO-3G value of 26.9° [15] ,
The present results (Table 1) show that the a-X-isopropyl radical prefers planar structure and that the stability is more pronounced in case of the cyano group. This is because the cyano group is a rc-acceptor, and donation of the unpaired electron into the n* orbital on cyano favors the planar structure [15, 45, 46] , The structure of the isopropyl radical differs from those of 2-propanes in which the C -X bond lengths are shorter in the radical (Fig. 2) , which is in agree ment with ab initio calculations [2] .
Introduction of a substituent on isopropyl radical has little effect on C -C bond lengths and produces a small decrease in the C -C -C angle (Fig. 2) apart from the OH and F, which is similar to the 2-substi tuted allyl cations [47] , Electron Densities Introduction of O", OH, NH2 and F substituents on the 2-propanes causes a decrease in the electron densities on C2 and an increase on Cl and C3, i.e. act as electron releasing (Table 6 ). The CH3 substituent shows weak electron releasing. N 0 2 and CF3 sub stituents cause an increase in the electron densities on C2 and a decrease on Cl and C3 i.e. act as electron withdrawing. The CHO substituent shows a weak electron withdrawing, while CN substituent shows no change on the three carbon atoms.
For the isopropyl radical, the effect of substituents is the same as in the case of 2-propanes apart from NH2 and CN substituents. The NH2 substituent acts as strongly electron releasing, and its power decreases on the pyramidal radical and shows no effect on pla nar isopropyl radical. The CN substituent shows no effect on the parent molecule and a slight increase in the electron releasing from the pyramidal to planar radicals. Table 3 , a positive heat of formation indicates stabilization of the reactant by the substituent. The results show that the substituents O -, N 0 2, and NH2 are strongly stabilizing while F substituent is slightly stabilizing. This is inagreement with Dewar's argu ment [30] that the electronegativity of the substituent is not a factor which accounts for the increased config urational stability of the free radical. Electronegativity may be necessary but not sufficient to cause the radi cal to maintain it's configuration [48] .
Dipole Moments
On the abstraction of a hydrogen atom from propane, the substituents O ", OH, N 0 2, CHO and CN cause an increase in the dipole moment from pyramidal to planar isopropyl radicals (Table 4) , which may explain the high stability (Table 3) of Oand N 0 2. For NH2, CH3 and CF3 substituents, there is an increase in the dipole moment for the pyramidal radical. For F substituent the dipole moment de creases from pyramidal to planar radicals, which may explains its low stability (Table 3) .
Spin Densities
It can be seen from Table 7 that the electron spin densities for the unpaired electron lie mainly on C2, H2, H3, H5, and H6, while Cl, Hl, H4, and H7 have no electron spin densities because they lie in the plane of the planar radical.
For the planar radical, the substituent X is in the plane of the radical; thus the unpaired electron orbital is expected to be out of the plane of the radical. There fore the interaction between this orbital and the hy drogen atoms H2, H3, H5, and H6 is expected to be larger than that of the atoms Cl, C3, Hl, H4, and H7, as can be seen from the electron spin densities in Table 7 .
In case of a pyramidal radical it is expected that the singly occupied orbital interacts with all atoms, as can be seen from the electron spin densities.
It is noticed that CN substituent has a low spin density on H1, H4, and H7 because of the small angle (0=12.2°) as compared with other substituents (Fig  ure 2) . But F substituent, which has 9 = 36.9°, has a high spin density on the corresponding atoms (HI, H4, H7). Table 7 . Calculated spin densities of X-isopropyl radicals. See Figure 2 for numbering.
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Strain Energies
The strain energy of a-X-cyclopropanes and a-X-cyclopropyl radicals can be estimated by comparing the strained energy with its free components using the group separation reaction from the equation 2, 3 / Z\ +3CHCH -CH3ZCH3 + 2CH3CH2CH3, (1) where Z is CHX for a-X-cyclopropane and CX for a-X-cyclopropyl radicals.
In (1), two strained methylenes and a strained Z group are in the reactant, while the same groups, free from strain, are in the product. The exothermicity of this reaction, then, is a measure of the strain energy of the cylcopropane and cyclopropyl derivatives.
The strain energies of cyclopropanes and cyclo propyl radical derivatives are given in Table 8 .
In Table 8 . a comparison of the strain energies of the a-X-cyclopropyl radicals with those of the a-X-cyclopropanes shows that generation of the radical by ab straction of a hydrogen atom from cyclopropanes re sults in an increase in the strain energies within the cyclopropyl ring, which is in agreement with ab initio calculations [2] .
Also it was found that F substituent shows a high strain energy compared with O -substituent, which means that F substituent destabilizes the cyclopropyl radical, while O" stabilizes the radical. This is in agreement with the values obtained from Table 3 for the effect substituents on the radicals.
